Objective: Cognitive impairment and neurocirculatory abnormalities such as orthostatic hypotension (OH), supine hypertension (SH), and failure to decrease blood pressure at night (nondipping) occur relatively commonly in Parkinson disease (PD); however, whether cognitive dysfunction in early PD is related to neurocirculatory abnormalities has not been established. Cognitive dysfunction in PD is associated with white matter hyperintensities on MRI. We report results of an analysis of neuropsychological and hemodynamic parameters in patients with early PD.
It is increasingly being recognized that Parkinson disease (PD) involves prominent nonmotor manifestations such as dementia and autonomic failure.
A variety of neurocirculatory abnormalities have been noted in PD, including orthostatic hypotension (OH), [1] [2] [3] [4] supine hypertension (SH), [5] [6] [7] labile blood pressure, and the absence of a decrease in pressure during the night, a phenomenon called nondipping. 8 These abnormalities are related to each other. SH is found in a substantial proportion of patients with PD with OH. 5, 9 Patients with PD are susceptible to cognitive dysfunction, even early in the disease. 10 Eventually both cognitive and autonomic failure commonly occur. Although studies have suggested interdependence of these manifestations, the results have been inconsistent. [11] [12] [13] [14] Among elderly individuals, cognitive decline and other neurobehavioral signs are associated with low blood pressure, pressure fluctuations, and nondipping. [15] [16] [17] [18] [19] The hypothesis tested in this study was that neurocirculatory abnormalities may contribute to cognitive abnormalities accompanying early PD. We assessed whether cognitive abnormalities or white matter intensities on MRI were related to OH, SH, or nondipping by investigating associations among cognitive data from a variety of rating scales, neurocirculatory data from head-up tilt testing and 24-hour ambulatory blood pressure monitoring, and neuroimaging data from a quantitative measure of white matter hyperintensities seen on MRI in Korean patients with early PD.
METHODS Patients. The study was approved by the ethics committee of the Seoul St. Mary's Hospital. Each patient gave written informed consent before participating.
Early PD was diagnosed in 87 individuals at the Department of Neurology, Seoul St. Mary's Hospital, according to UK Brain Bank criteria. 20 None of the patients had ever taken antiparkinsonian medication.
Clinical information included age, gender, education, disease duration, current medications, and history of arterial hypertension, diabetes mellitus, and cigarette smoking. Twenty-seven patients (31%) had a history of systemic hypertension (mean duration 8.7 years). Of these, 24 were taking Ն1 antihypertensive medication.
Excluded were patients with atypical PD or secondary parkinsonism or those taking medications known to influence cognitive or autonomic functions. PET using [ 18 F]N-(3fluoropropyl)-2␤-carbon ethoxy-3␤-(4-iodophenyl)nortropane and myocardial [ 123 I]metaiodobenzylguanidine scintigraphy was done in selected patients to exclude secondary parkinsonism or multiple system atrophy. 21 All patients were evaluated by the Unified Parkinson's Disease Rating Scale (UPDRS) Part I to Part III and classified by modified Hoehn and Yahr stage. Blood pressure monitoring was performed after any antihypertensive medications were discontinued for Ն7 days.
Tilt-table testing. Each patient was studied in a testing room (23 Ϯ 1°C) after having fasted overnight except for water. Electrocardiographic and noninvasive blood pressure monitoring devices were connected (YM6000; Mediana Technologies, Miami, FL). After 30 minutes of supine rest, head-up tilt-table testing at 60°was done for up to 20 minutes, using a Manumed Special Tilt 1 Section (Enraf Nonius, Rotterdam, the Netherlands). Blood pressure was obtained every 5 minutes before and 1, 3, 5, 10, 15, and 20 minutes during tilt, 1 minute posttilt, and as indicated for patient safety. Mean supine baseline and the lowest tilt values for blood pressure were recorded. For statistics, the lower values were chosen from 3 and 5 minutes.
OH was defined as a fall in blood pressure of Ն20 mm Hg systolic and Ն10 mm Hg diastolic after at least 3 minutes of tilt. 22 SH was defined by systolic pressure Ն150 mm Hg or diastolic pressure Ն90 mm Hg. 5, 6 Ambulatory blood pressure monitoring. Automated 24hour blood pressure recording (Mobil-O-Graph NG; I.E.M., Stolberg, Germany) tracked blood pressure and heart rate every 15 minutes during the day (8:00 AM-10:00 PM) and every 30 minutes during the night (10:00 PM-8.00 AM). Mean daytime and nighttime systolic, diastolic, and pulse pressures were recorded. Pulse pressure provided an indirect index of overall arterial stiffness. 23 Measures of blood pressure variability were the SD and the coefficient of variation of systolic pressure. 24 Percentage nocturnal decrease of mean arterial blood pressure (MBP) was calculated as (MBP day Ϫ MBP night )/MBP day ϫ 100. Subjects with Ͻ10% nocturnal decrease of MBP compared with daytime were considered nondippers. 25 MRI and CHIPS scale. All patients underwent 3.0-T MRI (Magnetom Verio 3T; Siemens). White matter hyperintensities were quantified on axial sections of fluid-attenuated inversion recovery sequence images, using the recently developed visual rating scale, the Cholinergic Pathways Hyperintensities Scale (CHIPS), 26 which quantifies the extent of white matter hyperintensities in the periventricular and subcortical white matter. CHIPS scores are closely associated with cognitive status in PD. 27 Neuropsychological tests. Information about memory problems and other subjective cognitive deficits was obtained from caregiver interviews. General cognitive status and dementia severity were evaluated using the Korean version of the Mini-Mental State Examination, Clinical Dementia Rating scale, and the sum of the box of the Clinical Dementia Rating scale.
To assess cognitive domains we used the Seoul Neuropsychological Screening Battery, 28 which covers attention, language, praxis, 4 elements of Gerstmann syndrome, visuospatial function, verbal and visual memory, and frontal/executive functions. Quantifiable indices were Digit Span Forward and Backward; the Korean version of the Boston Naming Test; the Rey-Osterrieth Complex Figure Copy ; the Seoul Verbal Learning Test for verbal memory; the Rey-Osterrieth Complex Figure  Test for nonverbal, visuospatial memory; the Controlled Oral Word Association Test (semantic: animals and grocery items and phonemic: Korean letters) for word fluency; and the Stroop Color/Word Conflict Test. Frontal motor functions were assessed by motor impersistence, contrasting program, go-no go test, fistedge-palm, alternating hand movement, alternating square and triangle, and Luria loop tests. Test scores were classified as abnormal when they were Ͻ16% of scores of age-, sex-, and education-matched normal subjects. 28 Mild cognitive impairment was diagnosed if at least 1 of 5 cognitive domains was abnormal. 29 Patients with mild cognitive impairment had no history or symptoms of memory problems or other cognitive disorders, according to the dementia screening questionnaire. Dementia was diagnosed according to clinical diagnostic criteria for probable PD dementia. 30 Data analysis and statistics. Data analysis consisted of neurocirculatory parameters by cognitive status and cognitive domains by neurocirculatory parameters (OH, SH, OH ϩ SH, and nondipping). Additional evaluations assessed blood pressure fluctuations (SD and the coefficient of variation of systolic pressure). Independent means t tests or 1-way analyses of variance (with Bonferroni post hoc testing) were used to compare groups, and 2 tests were used to compare frequencies for categorical variables. Analyses of covariance were done to identify a priori confounding covariates. Relationships among blood pressure profiles and cognitive domains and CHIPS scores were tested by Spearman correlation coefficients. Linear regression analyses were performed on Mini-Mental State Examination and CHIPS scores, with several associated factors as covariates. Statistical tests used SPSS 15.0 software. Statistical significance was defined by p Ͻ 0.05.
RESULTS
Among the patients, 35 were men and 52 were women. Mean age (ϮSD) was 67.5 Ϯ 9.2 years and motor symptoms duration was 1.8 Ϯ 0.8 years. UPDRS scores averaged 22.4 Ϯ 16.6 and Hoehn and Yahr stage scores averaged 1.7 Ϯ 0.7. The patients therefore had relatively mild PD of short duration.
Twenty-five patients had normal cognition, 48 had mild cognitive impairment, and 14 had dementia. The groups had similar gender makeup, disease duration, level of education, presence of hypertension and diabetes mellitus, cigarette smoking, and serum homocysteine (table 1). Mean age was higher in the mild cognitive impairment group than in the other groups. There was more severe motor impairment in the dementia group by both UPDRS and Hoehn and Yahr stages.
Thirty-two patients (36.8%) had OH. Groups with vs without OH were similar with respect to age, gender, level of education, duration of illness, severity of parkinsonism, and percentage of patients with a history of hypertension. The proportion of patients receiving antihypertensive treatment was lower in the OH group (table e-1 on the Neurology ® Web site at www.neurology.org). Supine mean pressure was higher and the nadir pressure during tilt was lower in the OH group. Among patients with OH, the mean Table 1 Clinical, laboratory, and blood pressure profiles in patient groups according to cognitive status a tilting time before orthostatic symptoms was 3.4 Ϯ 1.1 minutes. Fourteen patients developed OH within 3 minutes and 18 between 3 and 10 minutes.
All patients without OH were tested for 20 minutes. The frequencies of nondipping and circadian blood pressure profiles were similar in the groups with vs without OH (tables e-1 and e-2).
Cognition and OH. The OH and non-OH groups differed in prevalences of cognitive impairment and dementia ( figure 1A) . The OH group had more severe impairment in verbal immediate/delayed memory (table e-3) . There was a trend toward higher CHIPS scores in the OH group ( figure 2A) . Individual values for orthostatic changes in blood pressure were correlated with values for verbal immediate/ delayed memory and with CHIPS scores (tables 2 and 3). Patients with dementia had marked, progressive reductions in blood pressure during orthostasis compared with the groups with normal cognition or mild cognitive impairment. Among 14 patients with dementia, 10 (71.4%) had OH, whereas among 25 patients with normal cognitive function, only 5 had OH ( 2 ϭ 10.029, p ϭ 0.002).
Cognition and SH.
Eighteen patients (20.7%) had SH, with supine systolic pressure Ͼ150 mm Hg. Groups with vs without SH had similar mean ages at onset of parkinsonism and similar gender makeup, education level, and cigarette smoking. The magnitude of the fall in pressure during orthostasis was greater in the SH than in the non-SH group (table e-1). The daytime/nighttime systolic pressure was also higher in the SH group.
All patients with SH were nondippers. The proportions of patients with a history of hypertension or diabetes mellitus were higher in the SH group, the duration of illness was shorter, and parkinsonian motor symptoms were more severe.
Systolic pressure during supine rest was correlated with general cognitive functions and most neuropsychological domains and CHIPS scores (table 2). The mean supine blood pressure and SD and coefficient of variation of systolic pressure were higher in the dementia group than in the other groups (figure e-1, table 1). Supine systolic pressure was also associated with decreased Mini-Mental State Examination scores (table 3) .
All 18 patients with SH had at least some cognitive dysfunction ( p Ͻ 0.001 by sign test) (table e-3, figure 1B) . In most neuropsychological test domains, the SH group had more severe defects than did the group without SH. Conversely, among 14 patients with dementia, 11 (78.6%) had SH, whereas among patients with normal cognitive function, none had Cognition and blood pressure variability. Frontal executive functions were negatively related to the SD of systolic pressure, and nocturnal blood pressure changes were related to visuospatial memory registration (table e-4). Many aspects of the neuropsychological tests, especially in memory/frontal executive functions, were also correlated with the pulse pressure.
Cognition and CHIPS scores. The mean CHIPS score was higher in patients with dementia (24.5 Ϯ 17.6) than in those with normal cognition or mild cognitive impairment (14.0 Ϯ 10.9, p ϭ 0.004) ( figure  2D ). CHIPS scores did not differ between the groups with normal cognition vs mild cognitive impairment, although there was a trend toward higher scores in the latter. The dipper and nondipper groups did not differ in cognitive status, although many patients with dementia were nondippers ( figure 1D ). There were subtle differences in neuropsychological test results and CHIPS scores (table e-3, figure 2E) , with most test scores being nonsignificantly lower in the nondipper group.
Cognition and history of hypertension. Patient groups with and without a history of hypertension had similar clinical characteristics except for the proportion with diabetes mellitus (table e-1). Cognitive status and CHIPS scores were unrelated to hypertension (figures 1E and 2F). Results from most neuropsychological domains were unrelated to the presence of hypertension, except for minor differences in visuospatial function and word fluency (table e-3).
DISCUSSION
In this study of patients with early PD, cognitive impairment was clearly associated with neurocirculatory abnormalities, especially OH and SH. Both OH and SH were more prevalent in patients with dementia than in patients with normal cognitive function; conversely, not a single patient with OH ϩ SH had normal cognitive function. Both cognitive dysfunction and neurocirculatory abnormalities were associated with elevated white matter hyperintensities (CHIPS) scores on MRI.
The results therefore indicate close links among cognitive impairment, MRI evidence for cumulative vascular brain injury, and neurocirculatory abnormalities in PD.
Our data from patients with relatively recent onset of PD, who had never been treated with antiparkinsonian medication, provide support for the view that OH, although relatively uncommon in PD, can be an early finding related to the disease process itself. 3, 4 In PD, OH reflects cardiac and extracardiac sympathetic noradrenergic denervation and baroreflex failure. 31 Patients with neurogenic OH typically also have SH. 5, 6 Our study confirms this association; however, this finding made it impossible to analyze the relative contributions of OH and SH to the cognitive abnor- The findings fit with the proposition that neurocirculatory abnormalities might contribute to cognitive decline in PD. If this were correct, then treatment targeting those abnormalities could constitute a novel means to prevent development of dementia in PD. Association does not imply causation; however, it is possible that the cognitive and neurocirculatory abnormalities reflect shared central pathogenetic mechanisms. Brain abnormalities related to dementia might contribute to neurovascular instability and blood pressure dysregulation. 32 There is a U-shaped association between blood pressure and cognitive performance among elderly subjects, 33, 34 but in the present study cognitive dysfunction was not associated with the occurrence of hypertension per se.
In line with the Braak schema for the pathogenetic sequence in synucleinopathies, 35 PD may feature early involvement of medullary centers mediating baroreflex regulation of sympathetic and parasympathetic outflows, 31 coupled with early deposition of ␣-synuclein in sympathetic noradrenergic nerves that results in cardiac and (at least in PD ϩ OH) extracardiac noradrenergic denervation. Whereas baroreflex failure by itself does not cause OH, baroreflex failure in the setting of sympathetic noradrenergic denervation might do so. Arteriolar wall/lumen ratios could reflect compensatory architectural changes in blood vessel walls, because high wall/ lumen ratios augment vasoconstriction for a given amount of released transmitter. The ability to continue to modulate blood pressure at least partly could come at the cost of progressively increasing arterial stiffness and SH.
Our results also show that in early PD, cognitive dysfunction is related to measures of blood pressure lability such as the SD of systolic pressure. Correlations between pulse pressure and cognitive dysfunction and CHIPS scores suggested a role of arterial stiffness.
Strengths and limitations.
A strength of this study is that we enrolled only patients with newly diagnosed PD that was relatively mild who had never taken any dopaminergic medication. We could therefore infer that the association of cognitive impairment with neurocirculatory abnormalities does not result from antiparkinsonian treatment.
A weakness of the study is that early autonomic or cognitive involvement might reflect a particular population within a spectrum of disorders between PD and diffuse Lewy body disease. 36 We attempted to reduce selection bias by including patients who fulfilled the UK Brain Bank clinical diagnostic criteria for PD and excluding patients with suspected cases of diffuse Lewy body disease. 20, 36 It can be difficult, however, to differentiate PD from diffuse Lewy body disease at early stages. There is considerable debate and controversy in the field about distinguishing mild cognitive impairment, PD with dementia, and diffuse Lewy body disease. Indeed, relatively recent recognition of several nonmotor manifestations of PD is forcing reconsideration of what PD is from a nosologic point of view. More severe autonomic symptoms and clinical laboratory findings might be expected in patients with diffuse Lewy body disease. 37 Most of the patients with hypertension were taking antihypertensive medications. Although the results showed no correlations between indices of cognitive decline and history of hypertension, and patients with OH ϩ SH were taking antihypertensive medication infrequently, care should be taken in the conclusion that arterial hypertension and the use of antihypertensive medication do not contribute to cognitive impairment.
We did not assess other mechanisms that might play a pathophysiologic role in SH, such as renal impairment. 38 To our knowledge, hypertension from renal dysfunction is not associated with OH. Con- versely, in PD, SH is clearly associated with OH, as confirmed here.
The study was performed in a confined geographical region with a relatively homogeneous ethnic background. Further studies are needed in patients of different ethnic origins to be able to generalize to the overall population of patients with PD worldwide.
Individual values for neurocirculatory parameters (SH, OH, nondipper status, and blood pressure lability) were closely associated with each other. Because of this, it was difficult to identify their contributions to cognitive dysfunction separately. In PD, as in other forms of primary chronic autonomic failure, OH is often associated with SH. 5, 6 Unlike OH, SH alone often occurs late in the day or at night and may not elicit symptoms. 7 Although a link between SH and increased cardiovascular risk, including stroke, has been established, 39, 40 a chronic adverse effect of SH has not been demonstrated in PD.
In general, our results fit with the view that myriad episodes of cerebral hypo-and hyperperfusion, related to SH, OH, and blood pressure lability, contribute to vascular brain injuries and thereby to dementia in PD. The findings and their interpretation lead us to propose that efforts to minimize blood pressure fluctuations in PD might be beneficial in terms of maintaining cognitive function.
